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Summary. II Zwicky 23 (UGC 3179) is a luminous (Mb ~ —21) nearby compact 
narrow emission line st arburst galaxy with blue optical colors and strong emission 
lines. We present a photometric and morphological study of II Zw 23 and its in- 
teracting companions using data obtained with the WIYN 3.5-m telescope in Kitt 
Peak, Arizona. II Zwicky 23 has a highly disturbed outer structure with long trails 
of debris that may be feeding tidal dwarfs. Its central regions appear disky, a struc- 
ture that is consistent with the overall rotation pattern observed in the Ha velocity 
field measured from Densepak observations obtained with WIYN. We discuss the 
structure of II Zwicky 23 and its set of companions and possible scenarios of debris 
formation in this system. 



I Introduction 

II Zwicky 23 (Mkn 1087, UGC 03179) is a blue compact galaxy currently 
undergoing a global starburst. It was until recently thought to have one com- 
panion, KPG103a. However, recent work[7] has identified several tidal dwarfs 
around this system, as well as one dwarf galaxy that appears to pre-date the 
tidal dwarf galaxies (TDGs). There are several indicators suggesting that 
these group members are currently interacting. The presence of tidally form- 
ing dwarfs, and tidal streamers of stellar debris all suggest that the enhanced 
star formation rates (SFRs) in the two main members may have been trig- 
gered by an earlier collision with another group member. It is unlikely that 
KPG103a and II Zwicky 23 have experienced a direct collision with each 
other. More likely they have been perturbed by a collision with a dwarf com- 
panion or a weak interaction with each other, since there is evidence of disk 
structure in both II Zwicky 23 and KPG 103a. 



2 II Zwicky 23 et al.: Family Traits 
2.1 II Zwicky 23 

II Zwicky 23 has cz ~ 8320 km s -1 [9] and lies at a distance of 115 Mpc 
(Hq = 72 km s _1 Mpc -1 ). II Zwicky 23 qualifies as a luminous, blue, compact 



2 Wehner et al. 



galaxy, and its SFR is clearly enhanced. [2] The 1.4 GHz radio data [1, 7] 
suggest a SFR ~ 4.65 M Q yr _1 for M > 5 M Q and including stars down to M 
> 0.1 M Q brings the SFR 1AGHz up to 25.8 M yr _1 . The far-infrared fluxes 
[5, 3, 7] yield a SFR ~ 11.5 M Q yr _1 , and long slit spectroscopy suggests 
SFR Ha = 4.5 Mq yr-^7]. 

II Zwicky 23 has an inclination of i = 37 degrees, and the northern side 
is moving away from us, while the southern side is approaching us. [7] In this 
case, the tidal debris tails emanating from the right of II Zwicky 23 in Figure 
1 are polar extensions, and the debris to the north is roughly in the plane of 
the disk. 

2.2 KPG103a 

KPG103a is the less well-studied companion of II Zwicky 23. It lies 81 kpc 
to the southwest and has a very similar velocity (cz = 8313 km s _1 ) [8]. It 
has been classified an Sb, HII galaxy and is characterized by the presence 
of a weak, two-armed spiral structure. [8] In optical images, there appear 
to be three knots in the center of the galaxy, possibly the nucleus and a 
circumnuclear ring, or multiple nuclei left over from an unrclaxcd collision. 
There also appear to be some diffuse, low surface brightness extensions. These 
properties, along with what appears to be an enhanced SFR, suggest that 
KPG103a has recently undergone some type of tidal interaction. 

2.3 Tidal Debris, Dwarfs and Knots 

A thorough analysis of the knots and regions of interest in II Zwicky 23 
can be found in [7]. We initially developed our own labeling scheme, and 
our region labels are shown along with theirs in Figure 1. However, we have 
attempted to follow their numbering scheme whenever possible. The regions 
have been overlaid on our £?-band image. Regions 1 and 3 are tidal dwarf 
galaxies (TDGs) and region 7 is most likely a giant HII region [7], rather 
than an infalling galaxy, as originally proposed by [4]. While not noted as 
being tidal dwarfs, regions 11 and 12, along the polar extensions, do show 
signs of some new star formation in addition to what appears to be material 
stripped from II Zwicky 23 [7]. 

Region N/K (hereafter, region N) has a distinct rotational pattern and a 
lower [O/H] ratio than expected for a tidally forming galaxy. Therefore N is 
thought to be an independent group member, not formed as a result of any 
recent collision [7]. 

3 Observations and Reductions 

We observed II Zwicky 23 and its companions using the MiniMosaic camera 
on the WIYN 3.5m telescope in Kitt Peak, Arizona. Data were taken on two 
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different runs. On November 17, 2000, we obtained broadband B and i?-band 
data. We also observed II Zwicky 23 on February 9, 2005 using the DensePak 
instrument at the Cassegrain focus of the WIYN 3.5m telescope. We obtained 
2200s total, centered around the Ha line. 

4 Results 

4.1 Broadband Imaging 

In addition to those described in previous works (see Section 2), there are 
several new and interesting features in our deep f?-band image, shown in Fig- 
ure 1. The first is the small, stellar arc, marked in Figure 1. For an inclination 
of 37deg[7], the inner edge of this ripple lies approximately 18 kpc from the 
center of II Zwicky 23 and in the plane of the disk, and is therefore most 
likely a shell-like debris structure. There is also a stellar extension that ap- 
pears to connect the center of II Zwicky 23 with the shell. These stars could 
be the remains of a disrupted companion galaxy, which plunged through II 
Zwicky 23 and created the shell. Considering the uncertainties in projection, 
it could extend out of the plane of the disk, unconnected to the disk ripple. 
It is interesting to note the presence of stellar clumps further out, that lie 
along a line (as shown in Figure 1) that continue this stellar extension. These 
clumps lie at distances (uncorrected for projection) of 35 and 42 kpc from II 
Zwicky 23. However, without further data, we cannot conclusively determine 
whether these clumps are associated with this group. 

KPG103a, also shown in Figure 1, exhibits many signatures of interac- 
tion. In the £?-band image there appears to be a weak 2-armed spiral pat- 
tern, although it is somewhat distorted. The northeastern arm curves briefly 
clockwise, before proceeding to turn counter-clockwise. While the other arm 
is more well-behaved, there is an obvious diffuse stellar clump to its imme- 
diate upper right. This clump could be the remains of a merged galaxy or 
part of KPG103a's own disk that was pulled out by tidal forces during an 
interaction. This disk has clearly been disrupted by a collision with another 
galaxy. 

Also interesting are the two bright and roughly circular knots in the center 
of this galaxy. These knots may also contain the remains of a merged galaxy, 
and may even be its nucleus. KPG103a also has a larger, more diffuse low- 
surface brightness component extending from the west/northwest. This is 
most likely material pulled from KPG103a during a tidal interaction. 

Another feature of note is in the neighborhood of the dwarf galaxy, N. In 
our deep _B-band image, there is a visible loop extending from region N to 
the north. This loop, while fainter in the shallower data, is visible in all our 
wavebands and is therefore most likely a loop of stellar material. One possible 
interpretation is that region N is in the process of disrupting, leaving stars in 
its wake. In this case, the northern tip of the loop may be where N reached 
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Fig. 1. B-band image from the WIYN 3.5m telescope in Kitt Peak, Arizona. II 
Zwicky 23 is on the left, and KPG103a is on the right. Our region labels are alpha- 
betical, while those region labels containing numbers follow the notation in [7]. 



its peak distance from II Zwicky 23 and turned around in its orbit. If wc 
then use this peak, as its maximum orbital distance from II Zwicky 23, and 
assume a simple orbit, then its last close encounter with II Zwicky 23 was 
1.4 Gyr ago - a time much too distant to have caused the current central 
starburst, which is thought to be only ~ 6 Myr old. [7] 

4.2 DensePak 

The DensePak array contains 91 fibers, each of which spans 3 arcseconds. 
The entire array covers 30 x 40 arcseconds on the sky. For each fiber with 
detectable Ha, we fit a gaussian to the line to find the location of its peak. 
From this, we calculated the velocity of the gas in each fiber. We then assigned 
the velocity range to a color table and plotted the velocity for each fiber, as 
shown in Figure 2. 

Despite its obvious signs of disturbance, we find a fairly smoothly rotat- 
ing disk, supporting II Zwicky 23 's classification as a spiral disk galaxy. We 
measure a Av = 230 km s _1 across the disk, or a maximum rotation speed of 
v ro t ~ H7 km s . It is possible that this number is an overestimate, since it 
includes fibers such as that on region 7/C, which may represent the remains 
of an incoming, disrupting dwarf galaxy. [4] 
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I Zwicky 23 H-Alpho Velocity 
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Fig. 2. DensePak data for II Zwicky 23 centered on the Ha line. The velocity for 
each fiber is represented by its color. 

5 Discussion 

II Zwicky 23 and its companions are a group in turmoil; there is now exten- 
sive evidence that this system is being affected by numerous collisions. The 
disruption of region N, the ongoing starburst, and tidal arms of debris ex- 
tending out of the disk all suggest ongoing interactions between the members 
of this group. In addition, the presence of shells in II Zwicky 23, as well as the 
possible double nuclei in KPG103a support the idea that collisions with for- 
mer dwarf companions have recently occurred. However, despite all this, the 
ionized component of II Zwicky 23 's disk has maintained a smoothly rotat- 
ing structure. This system is an excellent example of intra-group interactions 
driving galaxy evolution, and merits future study. 
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